Swept source optical coherence tomography-angiography (OCT-angiography) gives us a unique opportunity to study the vasculature of choroidal lesions in vivo. We describe the OCT angiographic characteristics of circumscribed choroidal hemangioma before and after laser photocoagulation. Medium-sized choroidal vessels/vessels on the tumor surface become predominantly visible after laser photocoagulation due to laser-induced damage to the overlying choriocapillaris. OCT-angiography adds a new dimension to in vivo analysis of vascular changes in choroid due to choroidal tumors and their response to therapy.
Choroidal hemangiomas can be circumscribed or diffuse. We aim to describe the swept source optical coherence tomography-angiography (OCT-angiography, source OCT, DRI OCT Triton, Topcon Inc.,) features of circumscribed choroidal hemangioma (CCH). OCT-angiography is a noninvasive modality to evaluate retinal and choroidal vasculature without the need for dyes, in contrast to fundus fluorescein angiography or indocyanine green angiography. We also describe the changes in choroidal vasculature overlying these tumors following laser photocoagulation as assessed by OCT-angiography. Laser photocoagulation with confluent laser burns was done in all patients using a frequency-doubled neodymium-doped yttrium aluminum garnet (Nd-YAG) (532 nm) laser.
Case Report
The first patient was a 55-year-old male with a visual acuity of 6/18 in the right eye. Fundus showed a deep, smooth round mass inferotemporal to the fovea with overlying patchy retinal pigment epithelial (RPE) changes [ Fig. 1a ]. There was no evidence of port-wine stain in the skin. Fundus autofluorescence showed a dark patch with a few speckled autofluorescent areas [ Fig. 1b] . Fluorescein angiography showed the typical early hyperfluorescence. Ultrasound-B scan revealed a mass lesion in the choroid with uniform moderate-to-high internal reflectivity. OCT revealed a choroidal mound with convex inner surface elevating the overlying retina with associated subretinal fluid [ Fig. 1c] . The details of the deeper layers of the choroid were not clear as the large mass obscured them. The choroidal-scleral interface under the mass could not be made out in the OCT. OCT-angiography scan taken below the level of the RPE (30-μ section) showed multiple relatively well-defined areas of reduced decorrelation signal (hypoflow) [ Fig. 1d ] as opposed to a diffuse hyperflow decorrelation signal seen at this level in normal eyes. The patient opted for frequency-doubled Nd-YAG (532 nm) laser as he could not afford photodynamic therapy (PDT), the standard treatment modality. However, the pathology of choroidal hemangioma lies in the deep choroid. Long wavelength lasers such as PDT (689 nm) and transpupillary thermotherapy (810nm) are preferred as such waves may penetrate the deep choroidal layers. On the contrary, a superficial effect of 532 nm laser over retinal pigment epithelium and choriocapillaris may be expected in view of its shorter wavelength. Thick hemangiomas, especially of the cavernous variety, may need repeated lasers to make the fovea free of fluid. This is an open access article distributed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 3.0 License, which allows others to remix, tweak, and build upon the work non-commercially, as long as the author is credited and the new creations are licensed under the identical terms.
For reprints contact: reprints@medknow.com

Access this article online Quick Response Code:
Website: www.ijo.in
DOI:
10.4103/ijo.IJO_974_16
PMID:
***
OCT-angiography images were repeated at a 1-month follow-up after the laser therapy [ Fig. 1e ]. The images segmented below the level of the RPE (30-μ section) now revealed a drastic reduction in signal from the choriocapillaris [ Fig. 1e ]. Postlaser, well-defined crisscrossing vessels similar to middle layer choroidal vessels (Sattler's layer) could be predominantly visualized over the choroidal hemangioma at this level [ Fig. 1e ]. We performed OCT-angiography at 1-year follow-up on three patients of choroidal hemangioma (including Case 1) treated similarly with laser photocoagulation [ Table 1 ]. All the patients maintained visual acuity, and the fovea was free of fluid at final follow-up [ Table 1 ]. The fundus images revealed marked loss of pigmentation with whitening of the surface of the hemangiomas [ Fig. 2a-c] . OCT-angiography revealed similar crisscrossing vessels (looking even more prominent) as seen at 1-month follow-up. Despite repeated laser treatment, there was no damage/loss of these vessels [ Fig. 2d-f ].
Discussion
OCT-angiography helped us to noninvasively study the changes in choroidal vasculature after laser in choroidal hemangioma. OCT with enhanced depth imaging of choroidal hemangiomas shows expansion of the medium vessels (265%) and large vessels (576%) compared to normal population. [1] Notably, no compression of choriocapillaris may be seen. [1] On histopathology, circumscribed CCH may involve cavernous vessels (44%), capillary vessels (7%), or both (49%).
[2] The OCT-angiography images of our patient taken at the choriocapillaris level before treatment are suggestive of some alteration in flow pattern at this level. The lack of normal RPE autofluorescence and mild attenuation of RPE signal on OCT-B scan may also suggest focal damage to the overlying RPE. This may be secondary to a disturbance of flow through the choriocapillaris. In a series of 34 eyes with choroidal hemangioma, the intrinsic autofluorescence of CCH was iso-autofluorescent in 58% of cases and hypoautofluorescent in 42% of cases. [3] We have also been able to document in vivo, the damage occurring to the choriocapillaris following laser photocoagulation. Obstruction of choriocapillaris within 24 hours of the laser has been documented earlier in experimental models on cats. [4] In our patient, following the loss of signal of the choriocapillaris, the medium-sized vessels over the tumor could be visualized. The 1-year follow-up scans of three of our patients showed the persistence of these vessels and the loss of flow in the choriocapillaris layer secondary to the laser [ Table 1 ]. In a few experimental studies on animals, some restoration of the choriocapillaris has been described with time, following laser photocoagulation. [5] However, in all our cases, there was no appreciable restoration of flow in the choriocapillaris in the lasered area. Human studies on histopathological evaluation of old laser scars also show disruption of choriocapillaris and lack of recovery. [6, 7] The medium-sized vessels over the tumor did not show any signs of loss/damage despite multiple sittings of laser photocoagulation. A study on en-face OCT of 22 eyes of CCH did not reveal any morphological differences between treated and untreated eyes. [8] This study also noted a multi-lobular pattern of the CCH and hyper-reflective halo around the tumor. [8] As the choroidal hemangioma predominantly seems to be lying at a deeper level, i.e. within and below the middle vascular layer of the choroid, does the application of laser photocoagulation to it serve any purpose? The proposed mechanism of action of the laser in choroidal hemangioma may include intense photocoagulation to induce obliteration of the tumor as proposed by L'Esperance.
[9] However, this may require multiple settings of the laser/xenon arc laser which was reportedly noted to have deeper penetration and improved efficacy over argon laser.
[9] According to Gass, the main objective of the laser is to collapse the overlying cystic retina to the surface of the tumor to further cause absorption of the subretinal fluid.
[10] Changes in outer blood-retinal barrier associated with photocoagulation may also contribute due to anatomical remodeling of RPE and functional improvement.
OCT-angiography imaging of our cases provides in vivo evidence that application of laser energy mainly destroys the choriocapillaris overlying the tumor and may not have much effect on the medium-sized vasculature of the tumor/choroid itself.
As of now, the gold standard therapy for the management of subfoveal or intraretinal fluid due to choroidal hemangioma is PDT. However, this therapy is costly, may require repeated Although 532nm laser may not reduce the size of the choroidal hemangioma, it still may be effective in making the fovea free of intraretinal or subretinal fluid in cases of large extrafoveal choroidal hemangiomas as hypothesized by Gass. This may require repetition of laser treatment up to three times a year as seen in our cases. Volumetric assessment of the choroidal hemangioma was not done in our series as the determination of the posterior extent of the lesion was difficult. However, clinically and qualitatively on OCT, we did not appreciate any change in the size of choroidal hemangioma after treatment. The goal of our treatment was to reduce the leakage from the lesion so as to make the fovea dry of fluid rather than to reduce the size of the choroidal hemangioma.
Further research and analysis of more cases of choroidal hemangiomas treated with various treatment modalities using a longer follow-up should make us wiser regarding the most appropriate form of therapy for such lesions.
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There are no conflicts of interest. presented to us with complaints of sudden onset of blurry vision in her right eye. What seemed initially as polypoidal choroidal vasculopathy turned out as cavernous haemangioma of the disc after pneumatic displacement of the sub-retinal haeme. She was treated with PDT as she was prone to recurrent haemorrhage from the lesion due to her low platelet count. Results: Complete regression of the cavernous haemangioma was noted as early as the second week itself and remained regressed for 4 months. Conclusion: PDT can be safe option for patients presenting with symptomatic cavernous haemangioma of the disc or retina.
Key words: Cavernous haemangioma of disc, ITP, PDT Cavernous hemangioma of the disc is a rare hamartoma typically found unilaterally and primarily in females. Typically, ophthalmoscopy reveals clusters of saccular aneurysms filled with dark venous blood. The tumor is known for its asymptomatic nature and minimal growth over several years [1] even in patients who have extensive lesions. [2] 
